Patent foramen ovale and atrial septal aneurysm are considered to be factors conducive to the occurrence of stroke and transient ischaemic attacks. However, there is no clear answer to the question whether patent foramen ovale is an independent risk factor for stroke and what the mechanism of potential cerebral ischaemia in patients with an interatrial septal abnormality is. The paper presents the results of studies regarding the issue, including epidemiological, clinical and neuroimaging data. The subject of secondary prevention in patients with cryptogenic stroke and patent foramen ovale, including the results of research into the effectiveness of pharmacological methods and percutaneous closure of interatrial septal defects, is raised. The available research results do not conclusively suggest a causal relationship between patent foramen ovale and stroke. There is a probable summative effect of atrial septal abnormality and other factors (haemostatic and genetic ones as well as those that are associated with cerebral vessels) leading to cerebral ischaemia. There are no indications for the use of anticoagulant treatment in patients with stroke and presence of patent foramen ovale. In patients at a high risk for stroke, invasive treatment should be considered, which is consistent with the position of the European Stroke Organisation.
Patent foramen ovale (PFO) and atrial septum aneurysm (ASA) are considered to be factors conducive to the occurrence of stroke and transient ischaemic attacks (TIA). Atrial septal defects are found, according to different authors, in 1/4 of patients with cryptogenic stroke [1] . The mechanism of cerebral ischaemia has not been conclusively determined in these patients. The potential significance of paradoxical embolism of venous origin, thrombus formed in situ or thrombus associated with atrial arrhythmia, e.g. atrial fibrillation, is suggested. A hypothesis aetiologically linking cryptogenic stroke with PFO initiated its percutaneous occlusion in the prevention of stroke. Because treatment outcomes vary, it is worth attempting to determine the real significance of the presence of PFO for cerebral ischaemia.
According to echocardiographic and postmortem examinations, the incidence of PFO depends on age and the condition affects approximately 15-35% of examined individuals [2] [3] [4] [5] . Patent foramen ovale is found in more than 30% of patients aged < 30 years and in approx. 20% of individuals > 90 years. In most patients with PFO, ASA is found as well [6] . Because the above-mentioned abnormalities occur in as many as 25% of all patients with stroke, a relationship between PFO with/without ASA and cerebral ischaemia has been suggested, especially in cases without conclusively determined aetiology [7] [8] [9] [10] [11] . A statistical relationship be tween the occurrence of PFO and ischaemic stroke is doubtless, which, however, does not mean a causal relationship. Taking into consideration epidemiological data, which indicate a high incidence of both stroke and structural abnormalities in atrial walls, this concomitance may be coincidental. It is, however, worth noting that atrial septal defect affects as many as a half of young patients with stroke (< 50 years old), and they are mostly individuals without traditional risk factors for stroke [1] . These observations were confirmed by a meta-analysis of nine studies, proving a relationship between the co-occurrence of PFO and ASA, and stroke in individuals < 55 years old [6] . Handke et al. showed such a relationship in older individuals as well [12] . There are studies questioning the significance of atrial septal abnormalities for cerebral ischaemia, including the results of Helsinki Young Stroke [13] . However, it is worth emphasising that the incidence of atrial septal abnormalities in a group of Finnish patients, which included over 1000 individuals, was lower than in the general population, which the authors explain by the fact that the number of correctly performed transoesophageal echocardiograms was insufficient. In the prospective SPARC (Stroke Prevention: Assessment of Risk in a Community) and NOMAS (Northern Manhattan Study) studies, the higher incidence of cerebral events in patients with PFO/ASA in comparison with patients with stroke and normal structure of the interatrial septum did not reach statistical significance [5, 14] . In the TOAST (Trial of Org 10172 in Acute Stroke Treatment) classification system of stroke risk factors, patent foramen ovale was classified as an abnormality causing a medium risk of cerebral embolism [15] . In the newer A-S-C-O system, it was included among the causes of cardiogenic embolism of uncertain significance for cerebral circulation [16] . The contribution of PFO to the aetiology of stroke becomes significant, however, when additional factors are present: migraine, blood coagulation disorders, antiphospholipid syndrome, pulmonary embolism and hormonal therapy. The summative effect of factor V Leiden or prothrombin gene (G20210A) mutations and the presence of PFO on the occurrence of cerebral circulation disturbances is stressed. In studies by Pezzini et al. and Botto et al., the aforementioned mutations occurred significantly more frequently in patients with stroke and PFO in comparison with healthy individuals with PFO [17, 18] . Polish authors ob served a statistical relationship between coagulation factor XIII gene polymorphism, PFO and stroke [19] . According to a number of researchers, PFO-related factors which increase the risk of stroke include the size of foramen and the extent of shunting. There is no agreement, however, as to whether the extent of shunting and the number of emboli have an impact on the recurrence of stroke [20, 21] . No relationship between the extent of shunting, the number of embolic signals and the number and size of ischaemic lesions in the brain has been observed, either [22] . Doubts regarding whether the passage of air bubbles observed during Valsalva's test in transoesophageal echocardiography can prove the passage of fibrin-platelet embolic material are expressed [23] . No repeatable brain damage pattern was found in patients with PFO. One might expect multifocal lesions, exceeding the area supplied by one artery. Ischaemic foci both predominantly in the frontal lobwes and within the brain stem have been reported [20, 24, 25] . According to Spanish researchers, multifocal vasculogenic lesions (typical for cardiogenic embolism) occur in patients with double atrial septal defect [26] . We do not have data to compare the location of vascular lesions in the brain in individuals with PFO without traditional risk factors for stroke and individuals with cardiovascular disease. It is difficult to determine whether they are different from those found in the general population.
The potential risk of recurrence of stroke in patients with PFO in whom cryptogenic stroke occurred is still unclear. Patent foramen ovale and ASA increase the tendency to produce thrombi, which could explain the recurrent nature of symptomatic cerebral embolism. The yearly risk of recurrence of stroke in patients under 55 years with PFO and ASA in the prospective FOP/ASA study was 4%; when PFO occurred alone, it was 0.6% [27] . Lee et al. concluded that the size of PFO and the presence of ASA are predictive factors for the recurrence of stroke [28] . Similar results have been published by other authors. In a study by Mas et al., double atrial septal defect constituted a predisposition for recurrent stroke [27] . The results of meta-analyses and the PIC-SS (Patent Foramen Ovale in Cryptogenic Stroke Study) study, on the other hand, confirm the impact of the presence of PFO on the recurrence of stroke [2] .
The results of studies comparing the effectiveness and safety of pharmacotherapy and percutaneous occlusion in primary and secondary prevention of stroke in patients with atrial septal defect are available. According to Windecker et al., the incidence of recurrent cerebrovascular events in patients with PFO using aspirin is 5.6%, but in patients with double atrial septal defect, it exceeds 19% [29] . The authors observed a statistically insignificant benefit from using occlusive treatment in PFO. The level of significance was reached in a group of patients with a history of several cerebral ischaemic events. A patient with PFO and at least two cerebral events is in the high risk group for another cerebral ischaemic event and antiaggregant therapy used exclusively may not be sufficient. In the PICSS study, no advantage of oral anticoagulant treatment (OAT) over antiaggregant therapy in reducing the risk of another stroke was found in patients with PFO. At the moment, OAT is not recommended as first-line therapy in secondary prevention of stroke in patients with PFO. The results of the CLOSURE (Evaluation of the STARFlex Septal Closure System in Patients with a Stroke and/or Transient Ischemic Attack due to Presumed Paradoxical Embolism through a Patent Foramen Ovale) study did not confirm the advantage of occlusive treatment over pharmacological treatment in reducing the risk of recurrence of stroke or TIA [30] . They additionally indicated an increased incidence of atrial fibrillation in the group treated invasively (5.7%), which is consistent with previous reports. More than half of the arrhythmia episodes were observed in the perioperative period. Because the relationship between PFO and atrial tachyarrhythmia has not been established yet, it should be suspected that the PFO closure procedure increased the risk of its occurrence. According to the results of studies by Schuchlenz et al. and Jumaa et al., the effectiveness of occlusive methods was higher than that of pharmacological treatment in patients with PFO who suffered from cerebral ischaemic events [31, 32] . It is a high risk group for the recurrence of stroke and basing secondary prevention of stroke only on pharmacological treatment may be insufficient in these cases.
The following conclusions can be drawn on the basis of reports concerning the significance of PFO/ASA for the occurrence of cerebral ischaemia that have been published so far. The available research results do not conclusively suggest a causal relationship between PFO and stroke. There is a probable summative effect of atrial septal defect and other factors (haemostatic and genetic ones as well as those that are associated with cerebral vessels) leading to cerebral ischaemia. There are no indications for the use of anticoagulant treatment in patients with stroke and PFO. In patients with a high risk for stroke (the presence of PFO and ASA, recurrent strokes), surgical treatment which is consistent with the position of the European Stroke Organisation should be considered [33] .
